The basolateral amygdala (BLA) plays a key role in fear-related learning and memory, in the 34 modulation of cognitive functions, and in the overall regulation of emotional 35 behavior. Pathophysiological alterations involving hyperexcitability in this brain region underlie 36 anxiety and other emotional disorders, as well as some forms of epilepsy. GABAergic 37 interneurons exert a tight inhibitory control over the BLA network; understanding the 38 mechanisms that regulate their activity is necessary for understanding physiological and 39 disordered BLA functions. The BLA receives dense cholinergic input from the basal forebrain, 40 affecting both normal functions and dysfunctions of the amygdala, but the mechanisms involved 41 in the cholinergic regulation of inhibitory activity in the BLA are unclear. Using whole-cell 42 recordings in rat amygdala slices, here we demonstrate that the α 7 -containing nicotinic 43 acetylcholine receptors (α 7 -nAChRs) are present on somatic or somatodendritic regions of BLA 44 interneurons. These receptors are active in the basal state enhancing GABAergic inhibition, and 45 their further -exogenous -activation produces a transient but dramatic increase of spontaneous 46 inhibitory postsynaptic currents (sIPSCs) in principal BLA neurons. In the absence of 47 AMPA/kainate receptor antagonists, activation of α 7 -nAChRs in the BLA network, increases 48 both GABAergic and glutamatergic spontaneous currents in BLA principal cells, but the 49 inhibitory currents are enhanced significantly more than the excitatory currents, reducing overall 50
the "puff-application" of the α 7 -nAChR agonist with a fast-inactivating inward current of an 215 amplitude 83.1 ± 8.4 pA (Fig. 1A, left trace) . The remaining 8 cells, responded with a slow 216 current of an amplitude 236 ± 52.1 pA (Fig. 1A, right trace) . The fast or slow kinetics of the 217 evoked currents had no relation to whether tricholine citrate or choline chloride was applied. In 218 the current-clamp mode, puff-application of the α 7 -nAChR agonist elicited a brief train of action 219 potentials (Fig. 1B, left panel, upper trace) . The fast-inactivating currents were blocked equally 220 effectively by either 250 nM (n = 4, Fig 1C, upper trace) or 1 μM (n = 5, Fig. 1C , lower trace) α-221 BgTx, within 2 to 4 min of bath application of the toxin; the mean reduction was 94.5 ± 2.0% (n 222 = 9). The slow currents were only partially reduced by 250 nM, 500 nM, or 1 μM of α-BgTx. 223
The blockade (36.5 ± 4.8%, n = 6) was slow (required at least 8 min of perfusion), and appeared 224 to be more effective at the high concentration of the toxin (1 μM, Fig. 1D ). 225
226
Glutamatergic excitation of interneurons following α 7 -nAChR activation.
227
The experiments described above indicate that α 7 -nAChRs are present on somatic or 228 somatodendritic regions of BLA interneurons, and their activation depolarizes these cells. Since 229 The neurons we recorded from in the experiments described above were presumed to be 245 GABAergic interneurons. Therefore, the data presented would predict that activation of α 7 -246 nAChRs will enhance GABAergic inhibition in the BLA. To determine if α 7 -nAChR activation 247 increases GABA A receptor-mediated sIPSCs, we bath applied choline chloride while recording 248 from principal neurons (n = 12), in the presence of α-conotoxin Au1B consisted of the appearance of a barrage of sIPSCs (Fig. 3) . The frequency of sIPSCs was 255 increased by choline from 22 ± 1 Hz to 50 ± 3 Hz (n = 12; P < 0.001); the measurements of the 256 sIPSC frequency in the presence of choline were made for a 20 s time window within a time 257 period of 30 s after the initiation of the effect. The effect subsided within 40 s to 2 min, despite 258 the continual presence of choline, suggesting desensitization of the receptors. Reapplication of 259 choline after only partial wash out of the initially-applied choline, had virtually no effect, 260 probably due to the lasting desensitization of the receptors while the exogenous choline was still 261 present. However, after washing out choline for at least 8 min, reapplication of choline could 262 evoke a similar effect, suggesting that desensitization was not lasting after removal of the 5 mM 263 exogenous agonist. Higher concentrations of choline (we tried 10 mM and 20 mM) produced a 264 similar increase in sIPSC amplitude and frequency, but longer wash-out times were required in 265 order to be able to reproduce the effect upon reapplication of choline. 266
In some experiments, we washed out choline for 8 min, and then applied α-BgTx (1µM) 267 for another 4 min. Subsequent application of 5 mM choline chloride (in the presence of α-BgTx) 268 increased the frequency of sIPSCs from 18 ± 3 Hz to 37 ± 4 Hz (n = 9; P < 0.01, Fig. 3D ). Thus, 269 even in the presence of α-BgTx, choline increased sIPSCs significantly, probably because of the 270 activation of interneurons that respond to choline by generating a slow current with low 271 sensitivity to α-BgTx (Fig. 1D) . However, the increase in the frequency of sIPSCs in the 272 presence of α-BgTx was significantly smaller than the increase in the absence of the α 7 -nAChR 273 antagonist (P < 0.001, Fig. 3D ), probably reflecting the blockade of the α-BgTx-sensitive α 7 -274 nAChRs on interneurons that generate fast-inactivating currents in response to choline (Fig. 1C) . 275
276
The net effect of α 7 -nAChR activation in the BLA
277
Since activation of α 7 -nAChRs in the BLA can increase both glutamatergic and 278
GABAergic activity, an important question that arises is whether the overall, net effect of α 7 -279 nAChR activation is enhancement or suppression of excitatory activity in the BLA. To answer 280 this question we recorded both sIPSCs and sEPSCs, simultaneously, from principal neurons in 281 the presence of α-conotoxin Au1B (1 µM), DHßE (10 µM), atropine sulfate (0.5 µM), D-AP5 282 (50µM), SCH50911 (10 µM), and LY 3414953 (3 µM), at a holding potential of -58 mV and 283 internal chloride concentration of 1 mM. Bath application of choline chloride (5 mM) increased 284 13 both sIPSCs and sEPSCs (Fig. 4) . Out of 9 cells, in 3 cells there was only a small increase in 285 sEPSCs while sIPSCs were dramatically increased (as in the example shown in Fig. 4A ), in 5 286 cells both sEPSCs and sIPSCs were increased but the increase in sIPSCs was clearly more 287 prominent (as in the example shown in Fig. 4B ), while 1 cell showed dramatic increase in both 288 sIPSCs and sEPSCs. To quantify these effects we calculated the total charge transferred. The 289 charge, in pico Coulombs, was calculated as the area delimited by the inhibitory or excitatory 290 current and the baseline. Current areas were analyzed for a time period of 5s. On the average, the 291 charge transferred by sIPSCs was increased from 1.3 ± 0.3 pC in control medium to 97 ± 24 pC 292 in the presence of choline (n = 9; P < 0.01; Fig. 4C , left graph), while the charge transferred by 293 sEPSCs was increased from 1.5 ± 0.3 pC to 20 ± 4 pC (n = 9; P < 0.01; Fig. 4C , right graph), 294 during the initial phase of bath application of choline chloride (during a 5 sec period after the 295 initiation of the effect). The charge transferred by sIPSCs was significantly larger than the charge 296 transferred by sEPSCs (n = 9, P < 0.01), suggesting that the net effect of α 7 -nAChR activation is 297 inhibitory. As in the case where only sIPSCs were recorded (Fig. 3) , the effects of choline 298 subsided in less than 2 min, despite the continual presence of the agonist. Lower concentrations 299 of bath-applied choline chloride (1 mM, n = 2, and 0.5 mM, n = 3) had qualitatively similar 300 effects (Fig. 4 D) . 301
Since α 7 -nAChR activation enhances spontaneous GABAergic activity to a greater extent 302 than glutamatergic activity, this effect should be reflected in the population responses. An 303 enhanced "tonic" inhibition (sIPSCs) in the BLA network can be expected to reduce overall 304 excitability. Field potentials in the BLA are reduced in amplitude by the GABA A agonist 305 muscimol and are enhanced by bicuculline (unpublished observations), which implies significant 306 presence of synchronized spiking activity (somatic and/or dendritic) in the generation of the field 307 14 responses. Since choline enhances GABAergic inhibition, the amplitude of evoked population 308 responses should be reduced in the presence of choline. To test this prediction we bath-applied 309 choline chloride while recording field potentials in the BLA, evoked by stimulation of the 310 external capsule. In these experiments, slices were placed in an interface chamber, which has a 311 much slower flow rate than in the whole-cell recording experiments; the gradual exposure of the 312 slice to low -and slowly rising -concentrations of choline chloride could desensitize the 313 receptors, rendering the effect undetectable. Therefore, we used a high concentration of choline 314 chloride (20 mM) in order to detect the effect. Choline chloride reversibly decreased the 315 amplitude of the field response from 0.49 ± 0.02 to 0.34 ± 0.02 mV (n = 8; P < 0.001; BgTx, from 43 ± 9 Hz in control medium to 22 ± 8 Hz in α-BgTx (n = 4; P < 0.01; Fig. 6A, B) . by acetylcholine (the agonist used in the Zhu et al. study) was not reduced by subsequent 380 application of specific α 7 -nAChR antagonists because it was sustained only by non-α 7 nicotinic 381 receptor subtypes that are slow to desensitize (the α 7 -nAChRs were already desensitized). This 382 explanation for the divergent conclusions regarding the importance of α 7 -nAChRs in the 383 regulation of GABAergic activity in the BLA, is consistent with the present results, where the 384 effect of the specific α 7 -nAChR agonist, choline, on the sIPSCs did not last for more than 1 to 2 385 min, which probably reflects the fast desensitization of the α 7 -nAChRs. 
